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ABSTRACT: A new, simple, and reproducible method for determination of carboxylic acid metabolite of clopidogrel in human
plasma has been developed. After liquid–liquid extraction in acidic medium with chloroform, samples were quantified on a
Nova-pak C8, 5 µm column using a mixture of 30 mM K2HPO4–THF–acetonitrile (pH = 3, 79:2:19, v/v/v) as mobile phase with UV
detection at 220 nm. The flow rate was set at 0.9 mL/min. Ticlopidine was used as internal standard and the total run time of
analysis was about 12 min. The method was linear over the range of 0.2–10 µg/mL of clopidogrel metabolite in plasma (r 2 > 0.999).
The within-day and between-day precision values were in the range 1.0–4.8%. The limit of quantification of the method was
0.2 µg/mL. The method was successfully used to study the pharmacokinetics of clopidogrel in healthy volunteers. Copyright ©
2006 John Wiley & Sons, Ltd.
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Figure 1. Chemical structure of clopidogrel (A), carboxylic
acid metabolite of clopidogrel (B) and ticlopidine (C) (IS).

INTRODUCTION

Clopidogrel (Fig. 1) is a thienopyridine derivative
chemically related to ticlopidine. Clopidogrel is an
antiplatelet agent which selectively inhibits the binding
of adenosine diphosphate (ADP) to its platelet receptor
and block the subsequent platelet aggregation (Jarvis
and Simpson, 2000; Lenz and Wilson, 2003). This drug
is indicated for the reduction of atherosclerotic events
(such as myocardial infarction, stroke and vascular
death) in patients with atherosclerosis documented
by recent stroke, recent myocardial infraction or estab-
lished peripheral arterial disease (Moshfegh et al., 2000).

Clopidogrel is not active in vitro and hepatic
biotransformation via the cytochrome P450 pathway by
the liver is essential for its antiaggregation activity
(Pereillo et al., 2002; Clarke and Waskell, 2003). The
active metabolite is highly labile and remains un-
detected in plasma (Pereillo et al., 2002). Therefore,
clopidogrel can be considered as a precursor of an
active metabolite. The carboxylic acid metabolite of
clopidogrel (Fig. 1) which is formed by hydrolysis of
the ester function by carboxylesterase is inactive and

the main metabolite representing 85% of circulating
metabolite (Herbert et al., 1993; Caplain et al., 1999).

Following oral administration in human, clopidogrel
is rapidly absorbed and, owing to extensive metabolism,
its plasma concentration goes down very fast and could
not be detected in human plasma (Caplain et al., 1999).
Quantification of carboxylic acid metabolite would be
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an indirect approach for studying the pharmacokinetics
of clopidogrel (Caplain et al., 1999).

Few HPLC methods for the determination of
carboxylic acid metabolite of clopidogrel have been
reported in the literature. A chiral HPLC method using
S-(–)-α-(1-naphthyl) ethylamine as reagent was used for
determination of chiral inversion of clopidogrel in rats
(Reist et al., 2000). A gradient reversed-phase HPLC
method was also reported by Singh et al. (2005) for
determination of this metabolite in Wistar rat plasma.
An LC-MS method was also reported for determina-
tion of clopidogrel metabolite in human plasma by
Ksycinska et al. (2006).

The purpose of the present study was to develop
and validate a simple and reproducible method for de-
termination of clopidogrel metabolite in human plasma
using a liquid–liquid extraction method followed by
isocratic reversed-phase HPLC with UV detection. This
method has been applied to pharmacokinetic study of
clopidogrel.

EXPERIMENTAL

Chemicals. The carboxylic acid metabolite of clopidogrel was
obtained from Ind-Swif Laboratories Limited (Bhagwanpour,
India) (Fig. 1). Ticlopidine hydrochloride (internal standard,
IS) was obtained from Sigma-Aldrich (St Louis, MO, USA).
Acetonitrile and tetrahydrofuran were HPLC-grade and pur-
chased from Merck (Darmstadt, Germany).

All other chemicals and solvents were of analytical grade
and used without any further purification. Distilled water was
purified by a Millipore System Milli Q.

Instrumentation. The HPLC system consisted of a 600
Pump, 710 plus Autosampler and a variable 480 UV Detector
all from Waters (Milford, MA, USA). The data processing
system was a multi-channel Chrom&Spec software for chro-
matography, version 1.5x.

Chromatographic conditions. Separation was achieved us-
ing a Nova-pack® C8 4 µm cartridge (250 × 4.6 mm, Waters,
Milford, MA, USA). The isocratic mobile phase pumped at a
flow-rate of 0.9 mL/min consisted of 30 mM K2HPO4–THF–
acetonitrile, pH = 3, (79:2:19, v/v/v) prepared daily and
degassed by passing through a 0.45 µm filter. All separations
were performed at room temperature. Detection was per-
formed at 220 nm.

Solutions. Stock standard solution of carboxylic acid
metabolite of clopidogrel was prepared by dissolving appro-
priate amount of the compound in methanol to give a final
concentration of 200 µg/mL. Standard solutions of metabolite
(2, 5, 10, 20, 40, 60 and 100 µg/mL) were prepared by sub-
sequent dilution. A solution of IS was prepared by dissolving
ticlopidine in methanol to a final concentration of 10 mg/mL.
All these solutions were stored at 4°C.

Fifty microliters of these standard solutions were used to
spike 0.5 mL plasma samples for calibration curves to reach

to concentrations of 0.2, 0.5, 1, 2, 4, 6 and 10 µg/mL of
metabolite.

Sample preparation. To 0.5 mL of plasma sample, in a test
tube, 50 µL of standard solution of metabolite and 50 µL of
IS (10 mg/mL) were added and vortex-mixed for 5 s. Then,
200 µL of K2HPO4, (300 mM, pH = 5) and 4 mL chloroform
were added. The test tubes were vortex-mixed for 30 s and
centrifuged at 1500 g for 10 min. The upper layer was dis-
carded, the organic layer transferred to a clean test tube and
500 mg anhydrous Na2SO4 added. The mixture was vortexed
for 10 s and centrifuged at 1500 g for 5 min. The organic layer
was transferred to a clean test tube and evaporated to dryness
at 40°C in water bath under a steam of nitrogen. The residue
was reconstituted in 100 µL mobile phase and 25 µL were
injected into the chromatographic system.

Validation. Six series of standard calibration solutions were
prepared by spiking 50 µL of metabolite standard solutions
and 50 µL of IS in 0.5 mL of blank human plasma to give
final concentrations over the range 0.2–10 µg/mL.

The sample preparation and HPLC analysis was performed
as described above. Calibration curves were constructed by
plotting the measured peak area ratios of metabolite to the IS
vs concentrations of standard samples and statistical analysis
was performed.

To establish the within-day and between-day accuracy and
precision of the method, three replicates of standard plasma
solutions at three different concentrations (0.2, 2 and 10 µg/
mL) were assayed on one day and three separate days.

Extraction yield. Aliquots of 50 µL of metabolite standard
solutions (0.2, 4 and 10 µg/mL) and 50 µL of IS solution were
added to two sets of three test tubes. To one set, 0.5 mL
plasma was added and extracted according to the sample
preparation method. The other set was adjusted to the same
volume using mobile phase. Twenty five microliters of each
solution were injected into the HPLC system. The peak area
ratios of the extracted and unextracted samples were
compared.

Sample collection. To test the applicability of the analytical
method to pharmacokinetic studies, the plasma concentration
of carboxylic acid metabolite of clopidogrel was measured in
human plasma after administration of a single oral dose of
Plavix 75 mg (Sanofi Pharma, France, batch no. 1364). Twelve
healthy adult male volunteers (age 27.9 ± 3.1 years, height
174.6 ± 5.4 cm, body mass 76.5 ± 4.0 kg) selected and parti-
cipated in the study based on acceptable physical examination,
medical history and clinical laboratory test results. All
subjects gave written consent to their participation after
having been informed verbally by the medical supervisor
about the experimental procedures. After an overnight fast,
each subject received a single 75 mg oral dose of clopido-
grel. Blood samples (5 mL) were drawn into heparinized
test tubes immediately before (0) and at 0.5, 1, 1.5, 2, 2.5, 3,
3.5, 4, 5, 6, 8, 10, 12 and 24 h following drug administration.
Blood samples were centrifuged at 2000 g for 10 min and
plasma samples were separated and stored at −20°C until
analysis. Before analysis, the plasma samples were thawed at
18°C.
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RESULTS

Chromatographic condition

The chromatographic separation was performed on a
Nova-Pak C8 column using a mobile phase consisting of

phosphate buffer, THF and acetonitrile after monitor-
ing varying reversed-phase columns and mobile sys-
tems. Several compounds were tested and ticlopidine
was chosen as an internal standard with an appropriate
retention time. Typical chromatograms obtained from
blank and plasma samples spiked with carboxylic acid

Figure 2. HPLC chromatogram of carboxylic acid metabolite of clopidogrel and IS. (a) Drug-free
plasma; (b) plasma sample spiked with clopidogrel metabolite and IS; (c) human plasma sample, 4 h
after oral administration of 75 mg clopidogrel. Peaks: 1, clopidogrel metabolite; 2, IS.
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Figure 2. (Continued)

metabolite of clopidogrel and plasma sample from a
volunteer after a single oral dose of 75 mg clopidogrel
are presented in Fig. 2. Under the chromatographic
conditions described, the drug and IS were well re-
solved in plasma samples and eluted at 8.7 and 10.8 min,
respectively. No interfering peaks of endogenous
plasma components were found at the retention time of
metabolite or internal standard in blank plasma.

Linearity

Calibration curves were constructed using six series of
plasma samples spiked at concentration levels in the
range 0.2–10 µg/mL. A linear relationship was obtained
between the peak area ratio of metabolite and that of
the internal standard versus the corresponding concen-
tration, as shown by the equation presented in Table 1.
The linearity of the calibration curve is validated by the
high value of the correlation coefficient.

Accuracy and precision

The accuracy and precision were determined by analyz-
ing three samples of metabolite at 0.2, 1 and 10 µg/mL
in plasma on three separate days. Concentrations were
determined using calibration standard curve prepared
for metabolite in the range of 0.2–10 µg/mL for each
day. Within-day and between-day data given in Table 2,
indicate CV values were < 4.76% and Er < 5%.

Table 1. Statistical data of calibration curves of carboxylic
acid metabolite of clopidogrel in spiked plasma

Parameters Clopidogrel metabolite

Linearity 0.2–10 µg/mL
Regression equation y = 0.172x − 0.0031
SD of slope 0.002
RSD of slope (%) 1.16
SD of intercept 0.003
Correlation coefficient 0.9998

Sensitivity

The limit of quantification with CV < 4.76% was found
to be 0.2 µg/mL for carboxylic acid metabolite of
clopidogrel. The limit of detection that can be reliably
detected with an S/N ratio of 3 was found to be 0.02 µg/
mL.

Extraction recovery

Liquid–liquid extraction of metabolite from plasma at
pH = 5 was performed using chloroform as extracting
solvent. The recovery of metabolite and internal stand-
ard was determined. The mean recoveries of carboxylic
acid metabolite of clopidogrel at concentrations of
0.2, 4 and 10 µg/mL were 77.4, 79.1 and 83.2%, respec-
tively. The mean recovery of internal standard was
92%.
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time of 20 min. A sensitive LC-MS method was also
reported for determination of clopidogrel metabolite
in plasma with a quantification limit of 20 ng/mL in
250 µL of plasma (Ksycinska et al., 2006). In this
method Chem Elut cartridges were used for sample
preparation. Also LC-MS instrument is not yet readily
available in all laboratories.

The method reported here used isocratic reversed-
phase HPLC with UV detection, which is the most con-
venient and common analytical method. Simple sample
preparation procedure and a short chromatographic
run time along with low solvent consumption make this
method suitable for processing of multiple samples in a
limited amount of time. The statistical evaluation of the
proposed HPLC method revealed its good linearity and
reproducibility and led us to the conclusion that it
could be used for the rapid and reliable determination
of clopidogrel metabolite in plasma in pharmacokinetic
studies.

CONCLUSION

The present method is comparatively rapid, simple, re-
liable and sensitive, allowing the processing of multiple
determinations in a short time. The use of UV detec-
tion with a low limit of quantification in low volume of
samples makes this method very suitable for
pharmacokinetic studies.
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